We aimed to improve the use of the human intestinal Caco-2 cell line for studying dietary lipid and cholesterol processing by using isolated pure clones . Three clones (TC7, PD7 and PF11) were grown as monolayers on semi-permeable filters and compared for cell viability, fatty acid and cholesterol apical uptake or basolateral secretion, apolipoprotein B-48 basolateral secretion and 3-hydroxy-3-methylglutaryl (HMG)-CoA reductase activity. The TC7 clone showed the best viability upon apical incubation with mixed micelles and should be preferred for routine work. Short-term (3·0 h) rates of apical uptake of cholesterol were not different with the three clones, whereas the rate of apical uptake of oleic acid (18 : 1) was lower (P,0·05) with PF11 (250·6 nmol/mg) and the basolateral secretion of cholesterol and oleic acid was lower with the TC7 clone (0·40 and 29·1 nmol/mg respectively). The secretion of apolipoprotein B-48 basolaterally was about 2-fold lower than from PD7 clone. The basal levels of HMG-CoA reductase activity were significantly different (P,0·05; TC7.PF11.PD7). The down-regulation of the enzyme activity was moderate (range 13·8 -21·0 %) and comparable in the presence of apical micellar cholesterol, but was much marked upon basolateral incubation with LDL (range 34·0 -53·6 %), especially for the PD7 clone. In conclusion, the Caco-2 clones characterized here proved to be particularly suitable for studying lipid nutrients processing. Because these three clones exhibit some different metabolic capabilities, they provide a new tool to study intestinal response to lipid nutrients.
Lipid nutrients, through their handling by the digestive tract, are key determinants of body-lipid homeostasis. Cholesterol homeostasis is maintained by the balance between dietary cholesterol absorption, endogenous cholesterol synthesis and excretion of biliary cholesterol and bile acids. Moreover, postprandial occurrence and metabolism of triacylglycerol-rich lipoproteins is a key determinant of lipoprotein accumulation in the circulation (Mamo et al. 1998 ). The small intestine, which is responsible for regulating the absorption of dietary and biliary cholesterol, plays a role in de novo cholesterol synthesis and secretion of chylomicrons into the circulation (Hussain, 2000) . Nevertheless, the complex and multi-step process involved in intestinal absorption and re-secretion of dietary cholesterol as shown in human subjects (Beaumier-Gallon et al. 2001 ) remains poorly understood. Recent studies suggest that cholesterol absorption is saturable (Sehayek et al. 1998 ) and genetically controlled, and support a protein-mediated mechanism for cholesterol uptake by the intestinal mucosa (Hauser et al. 1998) . In addition, the mechanisms by which dietary lipids are uptaken by enterocytes, processed and secreted, are still under investigation (Hussain, 2000) .
The differentiated human intestine Caco-2 cell line has become widely used as an in vitro model (Levy et al. 1995) for studying enterocyte functions, given its ability to express relatively high levels of digestive brush-border enzymes and to display other structural and functional characteristics of absorptive villus cells (Pinto et al. 1983 ). Regarding lipids, free fatty acids are efficiently absorbed and incorporated into phospholipids and triacylglycerols (Mehran et al. 1997) and cholesterol is uptaken under micellar form (Homan & Hamelehle, 1998) . Caco-2 cells are capable of apolipoprotein (Apo) B mRNA-editing under defined conditions resulting in secretion of both ApoB-48 and ApoB-100, as structural proteins of two classes of lipoproteins with distinct density (van Greevenbroek et al. 2000) . The basolateral lipid secretion is reported to be limited, but depends on Caco-2 cells used, the level of differentiation and incubation conditions (Mehran et al. 1997) . Because of its heterogeneity, the parental Caco-2 population has been shown to vary with the number of passages of the cell lines. Chantret et al. (1994) have isolated different clones from early and late passages of the parental Caco-2 cell line. Three isolated clonal lines (TC7, PF11 and PD7) differ significantly for monolayer morphology, glucose consumption rate, glycogen accumulation and sucrase -isomaltase expression. Thus, we aimed in the present study to characterize the major functions of these three Caco-2 clones regarding dietary cholesterol and fatty acid uptake, cholesterol synthesis, ApoB-48 content and secretion of triacylglycerol-rich lipoproteins. The final objective was to evaluate how these clones can model enterocyte dietary lipid processing. The results obtained show that these wellcharacterized clones provide a new tool to study intestinal absorption and response to dietary cholesterol and fatty acids.
Materials and methods

Cell cultures
Three clones of the Caco-2 cell line, originally derived from human colonic adenocarcinoma, were studied. Clonal lines TC7, PD7 and PF11 were a gift from Dr M. Rousset and A. Zweibaum (Paris, France) and were used between passages 48 and 60 . Clonal line TC7 was originally a late passage (passage 198) and clonal lines PD7 and PF11 were originally an early passage (passage 29).
Stocks of Caco-2 cells were grown on 25 cm 2 plastic flasks in Dulbecco's modified Eagle's medium containing 4·5 g glucose/l, supplemented with nonessential amino acids (10 g/l) and heat-inactivated (30 min, 568C) fetal calf serum (200 ml/l) in a 10 % CO 2 humidified incubator at 378C. In all cases, media were changed 2 d after seeding and daily afterwards. Monolayers were subcultured when they reached about 70 -80 % confluence, at a density of 0·25 £ 10 6 cells for TC7 and PD7 and a density of 0·35 £ 10 6 cells for PF11 using trypsin (2·5 g/l) -EDTA (1 mM).
For the experiments, cells were seeded at 1 £ 10 6 cells per 23·1 mm diameter polyethylene terephthalate culture insert (0·1 mm pore size). The inserts were fitted in six well culture plates allowing separate access to the upper and lower surfaces of the cell monolayers (1 ml and 2 ml, apical and basolateral culture medium respectively). The experiments were performed on day 21 after plating, i.e. after cells reached confluence and made a tight monolayer as checked by transepithelial electrical resistance. All cell culture media were purchased from GIBCO BRL (Cergy Pontoise, France). Other cell culture materials were obtained through TPP (Polylabo, Strasbourg, France) and Becton Dickinson (Le Pont de Claix, France).
Measurement of monolayer integrity
Phenol Red diffusion. Cells were incubated with Phenol-Red apical medium containing or not mixed micelles. The diffusion of Phenol Red across the monolayer from the upper compartment to the lower one was determined by measuring absorbance at 546 nm after 2.5 h incubation at 378C in the two compartments (Halleux & Schneider, 1991) .
Propidium iodide. The fluorescent agent propidium iodide can stain the cell nucleus but does not penetrate normal living cell membranes. Thus, it was used to discern cell viability and the effects of additives, incubated with culture medium with or without mixed micelles for 16·0 h, on cell membrane permeability (Anderberg & Artursson, 1993) . Monolayers were examined under the fluorescence microscope (excitation 536 nm, emission 617 nm when bound to DNA).
Lactate dehydrogenase release. To detect any discrete monolayer disruption, the release of the cytosolic marker lactate dehydrogenase (LDH) in the apical medium was measured after different incubation times with mixed micelles. LDH activity was determinated at 378C using a colorimetric kit (Roche Diagnostic, Mannheim, Germany). The absorbance was measured at a wavelength of 365 nm. LDH activity was expressed in IU/l. Total LDH activity was obtained by treating cells with Triton X-100 (1 ml/l; Sigma-Aldrich, St Quentin Fallavier, France) and sonication (Chong et al. 2000) .
Experimental procedures and lipid uptake determinations
Mixed micelles. Appropriate aliquots of stock solutions in chloroform -methanol (2:1, v/v) of L-a-phosphatidylcholine (from egg yolk), 1-monooleoyl-rac-glycerol (18:1, (cis)-9), cholesterol and radiolabelled lipids (cholesterol and/or oleic acid) were taken, dried under N 2 and lyophilized to obtain a lipid film. [1, 2, 6, H(N)]cholesterol (3100 GBq/mmol) was purchased from Amersham (Bucks, UK), [4-14 C]cholesterol (1·9 GBq/mmol) and [9,10-3 H(N)]oleic acid (185·0 GBq/mmol) were purchased from New England Nuclear (Boston, MA, USA). Sodium taurocholate and sodium oleate solubilized in culture medium were added and solution was stirred until clear. Final micellar concentrations were: 5 mM-sodium taurocholate, 2 mM-egg phosphatidylcholine, 0·5 mM-sodium oleate, 0·1 mM-cholesterol, 0·03 mM-monooleoylglycerol. Cholesterol (purity 990 g/kg), L-a-phosphatidylcholine (purity 990 g/kg), 1-monooleoyl-rac-glycerol (18:1, (cis)-9), oleic acid (cis-9-octadecenoic acid) sodium salt (purity 950 g/kg) and taurocholic acid sodium salt (purity 970 g/kg) were purchased from Sigma-Aldrich.
Cells were incubated with Dulbecco's modified Eagle's medium containing delipidated fetal calf serum for 24 h before experiments. To determine cholesterol and/or oleic acid uptake, cells were incubated at their apical side with radiolabelled mixed micelles. At the specified times, media were removed and aliquots were used to measure radioactivity. Cells were washed twice with 2 £ 1 ml PBS and lipids were extracted from cells with hexaneisopropanol (3:2, (v/v). Proteins were solubilized from cells with 2 £ 1 ml 0·1 M NaOH and measured by the bicinchoninic acid technique (BCA kit; Pierce, Rockford, IL, USA). The absorbance was read at 562 nm on ninetysix well microtitre plates (Nunc; Polylabo, Strasbourg, France) with a microtitre plate reader (Labsystem; Life Sciences International, Cergy Pontoise, France).
Isolation of lipoproteins by ultracentrifugation. Lipoproteins with either low density (d,1·063 g/ml) or high density (1·063,d,1·21 g/ml) were isolated from basolateral medium using a TL100 ultracentrifuge (Beckman Instruments, Palo Alto, CA, USA) with a TLA-100·3 fixed rotor angle as described by Dubois et al. (1998) . LDL particles (1·006,d,1·063 g/ml) were isolated from a human fasting plasma sample as described by Dubois et al. (1998) .
Apolipoprotein B-48. ApoB-48 was quantified in cellular extracts and basolateral secretion medium after 3·0 h cell incubation with mixed micelles by a competitive ELISA method adapted from a method recently developed to assay human plasma ApoB-48 (Lorec et al. 2000) .
3-Hydroxy-3-methylglutaryl-CoA reductase activity. 3-Hydroxy-3-methylglutaryl (HMG)-CoA reductase activity was measured in the three Caco-2 cell clones in the basal state or after 1·5 h cholesterol incubation. Cholesterol was provided to cells either as unlabelled mixed micelles at the apical side (as described earlier) or as human LDL (100 mg/ml) at the basolateral side. After washing, cells were scraped and lysed in the non-ionic detergent Igepal (250 ml/l) purchased from Sigma-Aldrich.
According to a published method (Brown et al. 1973) , the supernatant fraction obtained was incubated with Radioactivity measurements. 3 H and 14 C radioactivity were measured in aqueous media by dual-liquid scintillation counting with an external standard for quench correction (TRi-Carb 1600 Packard, Meriden, CT, USA) in the presence of Emulsifier Safe (Packard, Groningen, The Netherlands). For all organic samples, Insta-Fluor was used (Packard).
Statistical analysis
The results are presented as mean values with their standard errors for five replicates. Statistical determinations were performed using one-way ANOVA and differences among groups were examined using Fischer's test (P,0·05) using the Stateview II Micro Computer Program (Abacus, Berkeley, CA, USA).
Results
Cell membrane integrity
Phenol Red diffusion. A negligible Phenol Red diffusion across the monolayer was observed with the three Caco-2 clones incubated with or without mixed micelles (about 3 %) with no difference between clones.
Propidium iodide. After 16 h micelles incubation, a weak nucleus fluorescence was observed upon microscopic observation (Fig. 1) . A maximum of ten stained nuclei per filter was observed, indicating a very good cell viability.
Lactate dehydrogenase assay. The activity of LDH released into the extracellular medium when the cell membrane is damaged was measured in apical medium before and after different incubation times (0·0, 0·5, 2·0, 5·0, 10·0, 16·0 h) with mixed micelles as shown in Fig. 2 . Before mixed micelles incubation, LDH activity for clonal lines TC7, PF11 and PD7 were 387, 633 and 300 IU/l respectively. For the three clones, we observed an increase in LDH concentration with incubation times from 0·0 to 16·0 h. After short incubation times (0·0-2·0 h), LDH activity increased moderately for TC7 (62 %) as compared with PF11 (112 %) and PD7 clones (221 %) (P,0·05). After 16·0 h incubation, the apical LDH activity released was significantly lower (P,0·05) for TC7 (1130 IU/l) than for PF11 and PD7 (1660 and 1540 IU/l respectively). A maximum LDH release of 2537 IU/l was observed after cell treatment by Triton X100 w (Sigma-Aldrich) and sonication (Chong et al. 2000) .
Apical uptake and basal secretion of cholesterol and oleic acid
The uptake of cholesterol and oleic acid by the three Caco-2 clones after different incubation times (0·5, 1·5, 3·0, 6·0 and 12·0 h) with mixed micelles at the apical side is shown in Fig. 3 . Increase in cholesterol uptake was linear until 6·0 h (Fig. 3(A) ) and tended to plateau for a longer incubation time (12·0 h). After 12·0 h, the PF11 and PD7 clones exhibited a significantly higher (P,0·05) cellular content of radiolabelled cholesterol than TC7. For the three clones, the increase in cellular oleic acid incorporation was linear until 6·0 h ( Fig. 3(B) ), with no further change for a longer incubation period (12·0 h). At time 6·0 h, TC7 showed a higher cellular oleic acid content than PF11 and PD7. The basolateral cholesterol secretion by the three clones was determined at specified times of micelles incubation ( Fig. 3(C) ). The basolateral cholesterol secretion increased linearly from 0·5 to 12·0 h. For shorter incubation times (i.e. 3·0 h), no difference was observed between clones whereas after 12·0 h, PD7 and PF11 clones exhibited a significantly higher basolateral cholesterol secretion. After 3·0 h, the relative amounts of radiolabelled cholesterol secreted basolaterally by TC7, PD7 and PF11 in lipoproteins with low density were 42·1, 50·7 and 32·5 % of total, the rest being secreted as HDL. When the cells were incubated for 1·0-2·0 h with mixed micelles no difference between clones was observed for the basolateral oleic acid secretion ( Fig. 3(D) ). Conversely, after 6·0 or 12·0 h, the PD7 and PF11 clones exhibited a significantly higher basolateral oleic acid concentration than TC7. After 3·0 h, the TC7, PD7 and PF11 clones basolaterally secreted 55·2, 59·0 and 42·0 % radiolabelled oleic acid in lipoproteins with low density (d,1·063 g/ml) respectively, the rest being secreted as HDL. The radiolabelled oleic acid:cholesterol molar ratios in lipoproteins with low density were not different with the three clones (mean values: TC7 116·0, PD7 109·4, PF11 109·1).
Cellular and basolateral apolipoprotein B-48
The ApoB-48 concentration in cellular extracts and basal media after 3·0 h incubation with mixed micelles was determined, as shown in Fig. 4 . The ApoB-48 concentration in cellular extracts was not different for the three clones. Conversely, TC7 and PF11 clonal lines secreted into the basolateral medium comparable amounts of ApoB-48 which were more than 2-fold greater than the amount of ApoB-48 secreted by the PD7 clone. The radiolabelled oleic acid:ApoB-48 molar ratios in secreted lipoproteins with low density were 2·8-and 3·2-fold higher with PD7 than TC7 and PF11 respectively. At the same time, the radiolabelled cholesterol:ApoB-48 molar ratios were 2·9and 3·2-fold higher with PD7 than TC7 and PF11 respectively.
Cellular 3-hydroxy-3-methylglutaryl-CoA reductase activity and cholesterol uptake TC7 cells, in the absence of incubation with mixed micelles apically, exhibited a significantly higher level of HMG-CoA reductase activity than PF11 and more markedly than PD7 cells, as shown in Fig. 5 . After 1·5 h apical incubation with mixed micelles containing 0·1 mM-cholesterol, HMG-CoA reductase activity level was comparably down-regulated in the three clones to about 80 % of respective controls value (Fig. 5) . After a 1·5 h basal incubation with LDL (100 mg/ml), the HMG-CoA reductase activity was more markedly down-regulated in the three clones (Fig. 5) , the residual enzyme activities being 60·2, 46·2 and 60·9 % of controls for TC7, PD7 and PF11 clones respectively.
Discussion
The aim of the present study was to develop new experimental models for nutrition research by comparing the capability of three different clones of the human intestine Caco-2 cell line to take up and secrete dietary cholesterol and fatty acids, and to synthesize cholesterol. While the parental Caco-2 cell line is most generally used for studying lipid processing (Trotter et al. 1996; Field et al. 1997; Mehran et al. 1997; van Greevenbroek et al. 2000) , we thought it very useful to employ pure clones to avoid cell line alteration and heterogeneity, which are dramatically amplified upon passages. Moreover, some specific features of a given clone could be used to exacerbate or weaken some particular metabolic pathway naturally (Mahraoui et al. 1994; Caro et al. 1995; Tranchant et al. 1997) . While more than twenty different clones have been isolated as published , we selected three well studied clones (TC7, PD7 and PF11) that were shown by Chantret et al. (1994) to exhibit noticeable differences.
A first key aspect to study was the viability of the three clones upon incubation of the apical side of the cell monolayer with mixed bile salt micelles. The first two methods used to evaluate cellular integrity, i.e. Phenol Red diffusion or nucleus labelling with propidium iodide, showed that the cell integrity of the three clones was not noticeably altered for several hours. Moreover, measurement of the cellular LDH activity release in the external medium, a very sensitive indicator of cell membrane Fig. 2 . Membrane integrity assay for Caco-2 clones: apical lactate dehydrogenase (LDH) activity for TC7 (-B-), PF11 (-W-) and PD7 (-D-) after 0·0, 0·5, 2·0, 5·0, 10·0 and 16·0 h apical incubation with mixed micelles. Clonal lines were cultured on filters in Dulbecco's modified Eagle's medium containing fetal calf serum (200 ml/l) and nonessential amino acids (10 g/l) for 21 d. Cells were preincubated with medium without lipid for 24 h before the experiment. LDH activity was determined on apical media at 378C using a colorimetric kit. Absorbance was read at 365 nm and results expressed in IU/l. Total releasable LDH activity was measured after treating cells with Triton X-1001 ml/l; Sigma-Aldrich, St Quentin Fallavier, France and sonication (B, 100 %) (Chong et al. 2000 . For details of procedures, see p. 212. Values are means for three replicates with standard errors shown by vertical bars. a,b Mean values with unlike superscript letters were significantly different at a given time point (P,0·05). for TC7, PF11 and PD7 clones after 3·0 h mixed micelles apical incubation. Clones were cultured on filters in Dulbecco's modified Eagle's medium containing fetal calf serum (200 ml/l) and nonessential amino acids (10 g/l) for 21 d. Twenty-four hours before experiment, cells were preincubated with delipidated medium. ApoB-48 was quantified as described on p. 213 Values are means for five replicates with standard errors shown by vertical bars. a,b; x,y Mean values with unlike superscript letters were significantly different at a given time point (P,0·05). Fig. 5 . 3-Hydroxy-3-methylglutaryl (HMG)-CoA reductase activity and cholesterol uptake. HMG-CoA reductase activity was measured in TC7, PD7 and PF11 clonal lines in basal conditions (g), after apical incubation with mixed micelles (A) or basal incubation with LDL (p). Clones were cultured on filters in Dulbecco's modified Eagle's medium containing fetal calf serum (200 ml/l) and nonessential amino acids (10 g/l) for 21 d. Cells were preincubated for 24 h before the experiment with medium without lipid. Cells were then incubated for 1·5 h with mixed micelles at the apical side or LDL at the basal side, and delipidated culture medium at the basolateral side or apical side respectively. HMG-CoA reductase activity was measured as described on p. 213. Values are means for five replicates with standard errors shown by vertical bars. a,b,c,d Mean values with unlike superscript letters were significantly different between clones (P,0·05). damage (Chong et al. 2000) , indicates in fact that the TC7 clone accommodates the detergent environment better than the two other clones for several hours. Thus, the TC7 clone can particularly well reproduce the functionality of intestinal cell in vivo.
After a few hours incubation, the rates of micellar cholesterol apical uptake were comparable with the three clones, whereas significant differences were found after longer incubation time (12·0 h). This indicates that the efficiency of the processes involved in brush border membrane dietary cholesterol uptake (Hauser et al. 1998) and/or subsequent processing is somewhat different. Nevertheless, given the absence of a marked difference between clones for exogenous cholesterol basolateral secretion, these clones cannot help to model the very large range (35 -80 %) of intestinal cholesterol absorption rats observed in human subjects (Bosner et al. 1999) . Conversely, the 3·0 h rates of oleic acid apical uptake were about 2-fold higher with the TC7 and PD7 clones than with the PF11, suggesting that this last clone could be partly deficient in some key pathway involved in fatty acid uptake or utilization (Hussain, 2000) . In fact, after 3·0 h incubation in the present conditions, the net apical uptake (sum of cellular content and basolateral secretion) of oleic acid and cholesterol overall represented 86 and 21 % of the incubated doses respectively, thus mimicking well the situation prevailing in human subjects, where the overall extents of intestinal absorption of dietary fatty acids and cholesterol are 97 and 55 % respectively (Bosner et al. 1999) .
Regarding the basolateral secretion of oleic acid and cholesterol, an almost linear time-dependence was observed with the three clones, the TC7 clone exhibiting lower figures for long incubation times (6.0 and 12.0 h). The basolateral secretion measured after 1·5 h overall amounted for 9·7 and 6·8 % of uptaken oleic acid and cholesterol respectively, the results obtained after 12·0 h being 20 and 9 % respectively. This is noticeably higher than the value of 15 or 6 % for oleic acid obtained after 20·0 h incubation of a monolayer made of cells of the parental Caco-2 line in comparable conditions (van Greevenbroek et al. 1996; Mehran et al. 1997) . These results lead us to point out that the three clones could secrete exogenous lipids basolaterally better than the parental cell line which makes them more susceptible to reproduce the metabolic situation occurring in intestinal cells in vivo in man. It is noteworthy that most absorbed oleic acid is secreted in lipoproteins with low density (d,1·063 g\/ml) from the TC7 and PD7 clones as already observed with the parental Caco-2 cells (Mehran et al. 1997) . Absorbed cholesterol is also better secreted in lipoproteins with low density by these clones. Because the PD7 clones secrete less ApoB-48 than the two other clones, the lipoproteins with low density secreted by this clone have a much higher dietary lipid and cholesterol content. This could result from some differences in the cell machinery responsible for lipidation of ApoB-48 and/or chylomicron secretion basolaterally (Hussain, 2000) . Nevertheless, the lipoproteins with low density secreted by the three clones have comparable dietary lipid:cholesterol ratios.
The basal levels of intracellular HMG-CoA reductase activity, the rate-limiting enzyme in cholesterol synthesis (Brown & Goldstein, 1980) , were in the same order of magnitude as those measured on the heterogeneous parental line cells (Field et al. 1991) . The three clones exhibited significantly different figures in the following decreasing order: TC7.PF11.PD7, with a 2-fold difference for extreme clones. The extent of enzyme down-regulation induced by apical micellar cholesterol was moderate and comparable in the three clones (about 20 %) and in agreement with values (about 15 %) reported for the parental line cells (Field et al. 1991) . These comparable extents of down-regulation could be due to comparable rates of cholesterol apical uptake by the three clones under the conditions used (1·5 h incubation). This down-regulation was already shown to result from a reduced mRNA traduction and increased rate of enzyme degradation (Field et al. 1991) .
As already observed in the parental cell line (Reimann et al. 1992) , addition of LDL at the basal side of the clonal cells generated a marked down-regulation of HMG-CoA reductase activity, the PD7 clone showing the greatest (253·8 %) reduction as compared with the two others (TC7: 239·7 %, PF11 239·0 %). Overall, under such conditions, the PD7 clone showed a 2·7-fold lower level of HMG-CoA reductase activity than the TC7 clone. Such differences in sensitivity to LDL cholesterol could result from different levels of the ApoB,E receptor at the basolateral membrane (Field et al. 1993 ) and/or intracellular machinery involved in the regulation of HMG-CoA reductase activity (Brown & Goldstein, 1980) in intestinal Caco-2 cells. Because the small intestine is one of the key organs responsible for cholesterol synthesis in the body (Dietschy & Gamel, 1971 ) the differences observed between clones regarding the basal levels and amplitude of down-regulation of cholesterol synthesis could be used to mimic situations characterized by different levels of cholesterol synthesis.
In conclusion, using some pure clones obtained from the human intestine Caco-2 cell line proved to be an efficient way to study dietary lipid processing and have reproducible data in well-defined growth and cell viability conditions. In that respect the TC7 clone appears particularly suitable to accommodate the detergent environment as occurring in vivo. The clones can uptake exogenous cholesterol apically in the following order: TC7,PD7,PF11, with no marked difference for oleic acid uptake. TC7 clone secretes basolaterally less exogenous cholesterol and oleic acid while PD7 secretes less ApoB-48. Capacity for cholesterol synthesis is in the following order: PD7#PF11,TC7, with a marked down-regulation elicited by LDL in PD7. Taken together, these results show that these different clones provide a new tool to study the intestinal uptake and processing of dietary lipids in somewhat variable situations carefully, thus mimicking to some extent known interindividual variability.
